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ELECTRICAL CONTROL UNIT AND CONTROL SYSTEM 
COMPRISING PLURAL ELECTRICAL CONTROL UNITS 

CROSS REFERENCE TO RELATED APPLICATION 
This application is based upon, claims the benefit of 
priority of, and incorporates by reference the contents of 
Japanese Patent Application No. 2003-41628 filed on February 
19, 2003. 

FIELD OF THE INVENTION 
The present invention relates to a control system for a 
first electrical control unit and a second electrical control 
unit connected to each other through a dedicated bus and, more 
particularly, to a control system for making arbitration 
optimally when the first and second electrical control units 
transmit messages through the common bus around the same time. 

BACKGROUND OF THE INVENTION 
A vehicle control system may include an electrical control 
unit(ENG ECU) for controlling the driving state of the engine 
of a vehicle and an electrical control unit (ECT ECU) for 
controlling an automatic transmission of the vehicle. This 
vehicle control system uses a dedicated bus through which ENG 
ECU and ECT ECU are connected to each other because the 
communication data amount between ENG ECU and ECT ECU is large. 
Accordingly, the communication load imposed on a common bus to 
which other electrical control units (ECUs for brake, suspension, 
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air bag, etc.)/ etc. are connected can be reduced. 

An abnormality diagnostic device may be connected to the 
common bus in the above control system. When the abnormality 
diagnostic device generates a message concerning an abnormality 
diagnosis from each ECU, the ENG ECU is required to apply gateway 
processing to a communication frame for transmitting the message 
from the ECT ECU so that the communication frame is transmitted 
from the dedicated bus to the common bus. 

Furthermore, the ENG ECU is required to not only apply 
the gateway processing to the communication frame from the ECT 
ECU, but also transmit a communication frame representing a 
message created by itself through the common bus to the 
abnormality diagnostic device. In this case, if the ENG ECU 
preferentially transmits its own communication frame 
corresponding to the message created and then carries out the 
gateway processing on the communication frame from ECT ECU, the 
transmission timing of the message from the ECT ECU will be 
delayed. 

The transmission time in the abnormality diagnosis 
operation is defined by the ISO15031-5 standard or the like. 
Accordingly, it is necessary to transmit a first transmission 
frame within 50ms at the latest from the time when a message 
transmitting request is made from the abnormality diagnostic 
device. 

However, when priority is given to the transmission 
processing of the message of the ENG ECU as described above, 
there may occur a case where it is impossible to transmit the 
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message from the ECT ECU within the time set by the standard 
in accordance with the length of the message. 

SUMMARY OF THE INVENTION 

The present invention has been implemented in view of the 
foregoing description, and has a first object to provide an 
electrical control unit which can mediate the transmission 
processing of a communication frame created by itself and the 
gateway processing of a communication frame created by another 
electrical control unit and thus transmit these communication 
frames with no time delay. 

Furthermore, the present invention has a second object 
to provide a control system designed so that a first electrical 
control unit and a second electrical control unit are connected 
to each other through a dedicated bus and also only the first 
electrical control unit is connected to a common bus . When the 
first and second electrical control units transmit the 
communication frames corresponding to the respective messages 
through the common bus around the same time, the control system 
is able to transmit the communication frames from the first and 
second electrical control unit with no time delay. 

In order to attain the above first object, according to 
a first aspect of the present invention, there is provided an 
electrical control unit comprising: a communication frame 
creating unit for creating at least one communication frame in 
conformity with a message to be transmitted; a storage unit for 
temporarily storing at least one communication frame transmitted 
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from another electrical control unit, the at least one 
communication frame concerned being subjected to gateway 
processing; and a transmission mediating unit for alternately 
transmitting the at least one communication frame created in 
the communication frame creating unit and the at least one 
communication frame stored in the storage unit through a bus 
to the outside. 

As described above, in the electrical control unit 
according to the first aspect, when the communication frame 
created in the communication frame creating unit and the 
communication frame to be subjected to the gateway processing 
compete with each other, these communication frames are 
alternately transmitted through the bus. Therefore, the 
transmission of both the communication frames can be started 
at the most early timing as compared with the case where the 
transmission of one communication frame is preferentially 
carried out. 

According to a second aspect of the present invention, 
the communication frame creating unit sets a code representing 
the content of an abnormality detected by an abnormality 
diagnosis as a message and creates at least one communication 
frame corresponding to the message. With respect to a message 
creating request from an abnormality diagnostic device ( exterior 
unit), the response time thereof is settled by the standard. 
Therefore, the communication frame can be transmitted with no 
time delay when a code representing abnormality content is 
transmitted as a message. 
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According to a third aspect of the present invention , the 
electrical control unit controls in-vehicle mount equipment 
mounted in a vehicle, and the communication frame creating unit 
may set a signal representing the state of the in-vehicle mount 
equipment as a message and creates at least one communication 
frame corresponding to the message. This message may be used 
to check the operational state of the in-vehicle mount equipment 
or research the cause of the abnormality independently of the 
code representing the abnormality content or by achieving the 
state of the in-vehicle mount equipment when abnormality occurs . 

Next, in order to attain the above second object, according 
to a fourth aspect of the present invention, a control system 
is equipped with a first electrical control unit connected to 
a first bus and a second electrical control unit connected to 
the first electrical control unit through a second bus, each 
of the first and second electrical control units creating at 
least one communication frame corresponding to a message to be 
transmitted in response to a received external message creating 
request (received from an external unit) and transmitting the 
at least one communication frame concerned through the first 
bus, wherein the first electrical control unit is equipped with 
a transmission mediating unit for alternately transmitting the 
at least one communication frame created by the first electrical 
control unit and the at least one communication frame created 
by the second electrical control unit when the at least one 
communication frame created by the first electrical control unit 
and the at least one communication frame which is created by 



5 



the second electrical control unit and transmitted to the first 
electrical control unit through the second bus are transmitted 
through the first bus around the same time. 

As described above, the control system according to the 
fourth aspect is equipped with the transmission mediating unit 
for alternately transmitting the at least one communication frame 
created by the first electrical control unit and the at least 
one communication frame created by the second electrical control 
unit. Therefore, the transmission of each of the communication 

7 

frames created by the first and second electrical control units 
can be started at the most early timing thereof. 

According to a fifth aspect of the present invention, an 
exterior unit for outputting a message creating request is 
connected to the first bus, and each of the first and second 
electrical control units may be designed so as to create at least 
one communication frame corresponding to a message to be 
transmitted when receiving the message creating request from 
the exterior unit through the first bus. Accordingly, desired 
information can be achieved from the first and second electrical 
control units by merely connecting an external unit such as an 
abnormality diagnostic device or the like to the first bus. 

Furthermore, according to a sixth aspect of the present 
invention, when the exterior unit makes a request for creating 
a message concerning an abnormality diagnosis result to the first 
and second electrical control units, each of the first and second 
electrical control units transmits a code representing the 
abnormality content detected by abnormality diagnosis as a 
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message. As described above, with respect to the message 
creating request by the abnormality diagnostic device, the 
response time thereof is settled. Even in such a case, due to 
the transmission mediating unit, the control system of the 
present invention can start the transmiss ion of the communication 
frames created by the first and second electrical control units 
with no time delay. Accordingly, the present invention is 
suitably applicable particularly to the case where a code 
representing an abnormality content is transmitted as a message. 

According to a seventh aspect of the present invention, 
the first and second electrical control units may be constructed 
as an electrical control unit for controlling the driving state 
of the engine of a vehicle and an electrical control unit for 
controlling an automatic transmission of the vehicle. The 
control unit for the engine and the control unit for the automatic 
transmission are preferably connected to each other through a 
dedicated bus because the mutual data communication amount 
therebetween is large. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages of 

the present invention will become more apparent from the 

following detailed description made with reference to the 

accompanying drawings. In the drawings: 

Fig. 1 is a block diagram of a control system according 

to a preferred embodiment; 

Fig. 2A is an illustration of the frame structure of a 
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single frame SF as a first type of a communication frame; 

Fig. 2B is an illustration of the frame structures of a 
first frame FF and a consecutive frame CF as second and third 
types of the communication frame; 

Fig. 2C is an illustration of the frame structure of a 
front control frame FC as a fourth type of the communication 
frame ; 

Fig. 3 is a flowchart showing the processing which is 
periodically executed by a transmission mediating unit 31 in 
ENG ECU 10; 

Fig. 4A is a flowchart showing the processing executed 
in the transmission mediating unit 31 when an ENG frame 
transmitting request is issued from a transceiver unit 20 for 
ENG; 

Fig. 4B is a flowchart showing the processing executed 
in the transmission mediating unit 31 when an ECT frame 
transmitting request is issued in a gateway processor 25 for 
ECT; 

Fig. 5A is a flowchart showing the processing of issuing 
an ENG-f rame transmitting request to the transmission mediating 
unit 31, which is executed in the transceiver unit 20 for ENG; 

Fig. 5B is a flowchart showing the processing of creating 
an ENG frame and accumulating the ENG frame thus created in a 
transmission buffer 21 , which is executed in the transceiver 
2 0 for ENG; 

Fig. 6A is a flowchart showing the processing of issuing 
an ECT-f rame transmitting request to the transmission mediating 
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unit 31 , which is executed in a gateway processor 2 5 for ECT; 

Fig. 6B is a flowchart showing the processing of receiving 
ECT frame and accumulating the ECT frame thus received in a 
transmission buffer 26; and 

Fig. 7 is a timing diagram showing the communication frame 
communicated between an abnormality diagnostic device and each 
of ENG ECU 10 and ECT ECU 50. 

DETAILED DESCRIPTION OF THE DRAWINGS 
Preferred embodiments according to the present invention 
will be described with reference to the accompanying drawings. 

A control system according to a preferred embodiment of 
the present invention will be described with reference to the 
accompanying drawings. In the following description, the 
control system is described as being equipped with an electrical 
control unit for the engine of avehicle (ENG ECU) and an electrical 
control unit for a transmission (ECT ECU) . However, the control 
system of the present invention is applicable to other electrical 
control units of the vehicle or electrical control units of 
equipment other than the vehicle . Generally , the control system 
is applicable to electrical control units for controlling 
in-vehicle mount equipment mounted in a vehicle. 

Referring to Fig. 1, the control system is equipped with 
an electrical control unit for an engine (ENG ECU) 10 and an 
electrical control unit for a transmission (ECT ECU) 50. The 
ENG ECU 10 and ECT ECU 50 are connected to each other through 
a dedicated bus 70. 
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ENG ECU 10 controls the fuel amount injected by an injector 
and an injecting timing on the basis of detection signals of 
various kinds of sensors such as an 0 2 (oxygen) sensor equipped 
to an exhaust pipe of the engine , a water temperature sensor 
for detecting the temperature of cooling water for the engine, 
a vehicle speed sensor for detecting the running speed of the 
vehicle, a rotation number sensor for detecting the rotation 
number of the engine, an air flow sensor for detecting the amount 
of air sucked into the engine, a throttle position sensor for 
detecting the opening degree of a throttle valve, etc. The 
control on the fuel injection amount and the injection timing 
by ENG ECU 10 is well known, and thus the parts of the various 
kinds of sensors, the injector, etc. are omitted from the 
illustration . 

ECT ECU 50 controls the gear position of the transmission 
on the basis of the rotation number of the engine, the opening 
degree of the throttle valve, the running speed of the vehicle, 
etc. The control of the transmission is also well known, and 
thus the parts associated with the transmission are omitted from 
Fig. 1. The detection signals of the various kinds of sensors 
are transmitted from ENG ECU 10 to ECT ECU 50 or from ECT ECU 
50 to ENG ECU 10 through the dedicated bus 70. 

ENG ECU 10 and ECT ECU 50 of this embodiment perform the 
above control, and also they are respectively equipped with 
diagnostic units 15, 55 for performing an abnormality diagnosis 
processing in which the sensors and the parts described above 
are checked to determine if the are operating normally. Also, 
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the memory in each ECU and the programs , etc . stored in the memory 
are checked to determine if the are operating normally. Each 
of the diagnostic units 15, 55 carries out the abnormality 
diagnosis processing periodically. When an abnormality is 
found by the diagnosis processing , a diag-code which is 
associated with both the place of the abnormality and the content 
of the abnormality is stored into a non-volatile memory (not 
shown). In addition to the diag-code, the operation state of 
an engine or automatic transmission as a control target of each 
ECU, such as the rotation number of the engine or the like is 
also stored in the memory. 

The engine ECU 10 is also connected to the common bus 80 
to which the other control units than ECT ECU 50, etc. areconnected. 
An external unit 90 such as an abnormality diagnostic device 
or the like may be connected to the common bus 80. When the 
abnormality diagnostic device 90 is connected to the common bus 
80, the abnormality diagnostic device 90 outputs a message 
creating request to each ECU, including the ENG ECU 10 and the 
ECT ECU 50, so that a code representing an abnormality content 
which is detected through abnormality diagnosis is transmitted 
as a message from each ECU. Each of the ENG ECU 10 and ECT ECU 
50 corresponds to a communication frame creating unit. Upon 
receiving this message creating request, each of ENG ECU 10 and 
ECT ECU 50 creates the communication frame corresponding to the 
diag-code stored in the non-volatile memory, and transmits the 
communication frame thus created to the abnormality diagnostic 
device 90 through the common bus 80. 
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Furthermore, in addition to the code representing the 
abnormality content, each of ENGECU 10 andECTECU 50 also creates 
a communication frame concerning a signal representing the 
present operation state of the engine or automatic transmission 
to be controlled (for example, the rotation number of the engine 
or the like) , and transmits the communication frame thus created 
to the abnormality diagnostic device 90. 

A mechanism for receiving the message creating request 
and a mechanism for creating and transmitting the communication 
frame corresponding to the diag-code or the like in ENG ECU 10 
and ECT ECU 50 will be described hereunder. 

As shown in Fig. 1, ENG ECU 10 is equipped with an 
input/output unit 30 connected to the common bus 80. The 
input/output unit 30 comprises a reception buffer 34 for 
temporarily storing the communication frame transmitted through 
the common bus 80 to ENG ECU 10 or ECT ECU 50, and a transmission 
mediating unit 3 1 for mediating the communication frames created 
in ENG ECU 10 and ECT ECU 50 to output them to the common bus 
80 . The transmission mediating unit 31 comprises an ENG buffer 
32 for temporarily storing the communication frame created in 
ENG ECU 10, and an ECT buffer 33 for temporarily storing the 
communication frame created in ECT ECU 50. 

Here, a communication frame refers to a unit of data 
transmitted/received through the dedicated bus 7 0 and the common 
bus 80 . In this embodiment , the data length of the communication 
frame is fixed to 8 bytes. The details of the communication 
frame will be described later. 
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Each frame includes an ID indicating a transmission source 
and a transmission destination. Accordingly , with respect to 
the communication frame received by the reception buffer 34, 
it is identifiable on the basis of the ID concerning which one 
of ENG ECU 10 and ECT ECU 50 the communication frame concerned 
is addressed to or whether the frame communication concerned 
is addressed to both of ENG ECU 10 and ECT ECU 50 or not, and 
the input/output unit 30 switches the transmission destination 
on the basis of the identification result. 

ENG ECU 10 is equipped with an ENG transceiver unit 2 0 
(or transmitting/receiving unit) having a transmission buffer 
21 and a reception buffer 22 . The ENG transceiver unit 20 plays 
the following role with respect to the transmission/reception 
of the communication frame between the diagnostic unit 15 and 
the input /output unit 30. 

First, when the ENG transceiver unit 20 transmits a code 
representing an abnormality content detected by the diagnostic 
unit 15 as a message, the ENG transceiver unit 20 divides the 
message on a communication-frame basis so that the message can 
be transmitted through the common bus 80. When the message to 
be transmitted is less than 8 bytes , a single communication frame 
is created. When the message is divided into plural 
communication frames, the communication frames thus achieved 
are successively accumulated in the transmission buffer 21 . The 
transmissionbuf f er 21 is anFIFO (First InFirst Out ) typebuf fer . 
Therefore, the communication frames are successively 
accumulated in the transmission buffer 21 in the creating order 
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thereof , and successively transmitted one by one to the ENG buffer 
32 of the transmission mediating unit 31 in the accumulating 
order from the communication frame accumulated at the earliest 
time. 

The ENG transceiver unit 20 is equipped with a reception 
buffer 22 for receiving the communication frames stocked in the 
reception buffer 34 of the input /output unit 30 one by one. The 
ENG transceiver unit 20 fabricates one message from the 
communication frames received from the reception buffer 22 , and 
transmits the message thus achieved to the diagnostic unit 15. 

Furthermore, ENG ECU 10 is equipped with a gateway 
processor 25 for transmitting the communication frame addressed 
to ECT ECU 50 through the dedicated bus 70 to ECT ECU 50 , and 
also applying gateway processing to the communication frame 
output from ECT ECU 50 to output the communication frame to the 
common bus 80. The gateway processor 25 is equipped with an 
FIFO type transmission buffer 2 6 and an FIFO type reception buffer 
27. The communication frames accumulated in the reception 
buffer 27 are successively transmitted to ECT ECU 50 one by one 
in the accumulating order from the communication frame 
accumulated at the earliest time. The transmission buffer 2 6 
for accumulating the communication frames transmitted from ECT 
ECU 50 successively transmits the communication frames to the 
ECT buffer 3 3 of the transmission mediating unit 31 one by one 
from the communication frame accumulated at the earliest time. 

ECT ECU 50 is equipped with an ECT transceiver unit 60 
for carrying out the transmission/reception processing of the 
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communication frame to be transmitted/received through the 
dedicated bus 70. The ECT transceiver unit 60 has the same 
function as the ENG transceiver unit 20 of ENG ECU 10 , and is 
equipped with a transmission buffer 61 and a reception buffer 
62. 

Next, the communication frame will be described in detail 
with reference to Figs. 2A to 2C. As described above, the 
communication frame has a fixed data length of 8 bytes . However, 
the communication frames are classified into four types as shown 
in Figs. 2A to 2C, and the maximum number of bytes usable for 
transmission of the diag-code varies in accordance with the type 
of communication frames. 

First, Fig. 2A shows the structure of a single frame SF 
as a first type of communication frames. The single frame SF 
is defined as a communication frame used when diag-data to be 
transmitted is less than 8 bytes and it is unnecessary to divide 
the communication frame into plural frames for transmission. 
Protocol control information (PCI) is written in the first one 
byte in the single frame SF. In the case of the single frame 
SF, PCI mainly represents the length of the diag-data (#1 to 
#7). Each type of diag-data basically has a data length of 2 
bytes. Accordingly, when the number of diag-codes to be 
transmitted is not more than 3, they can be transmitted with 
a single frame SF. 

Fig. 2B shows the structure of a first frame FF and the 
structure of a consecutive frame CF as second and third types 
of the communication frames, and Fig. 2C shows the structure 
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of a flow control frame FC as a fourth type of the communication 
frames. The communication frames shown in Figs. 2B and 2C are 
used when the length of a diag-data to be transmitted is not 
less than 8 bytes. 

The first frame FF is a frame to be first transmitted when 
the diag-data is transmitted while divided into plural 
communication frames, and the consecutive frame CF is a frame 
used as a second or subsequent frame to be transmitted 
subsequently to the first frame FF. In the first frame FF , two 
bytes are allocated to PCI to indicate the data length of the 
whole diag-data as shown in Fig. 2B. Accordingly, the maximum 
transmissible data length of diag-data in the first frame FF 
is equal to 6 bytes . On the other hand, in the consecutive frame 
CF, one byte is allocated to PCI because each consecutive frame 

is mainly represented with a serial number ( l->2— >... -*F-»0—*l -*...) 
by PCI. 

The flow control frame FC shown in Fig. 2C is a frame to 
be transmitted from a reception side to a transmission source 
when the reception side receives a first frame FF. The flow 
control frame FC comprises only PCI data, and the PCI of the 
flow control frame FC transmits the maximum number of frames" 
to be divisionally transmitted from the transmission side after 
the transmission side receives the flow control frame FC, the 
minimum transmission interval, etc. 

Next, the processing executed by ENG ECU 10 and ECT ECU 
50 when a message creating request is output from the abnormality 
diagnostic device 90 to ENG ECU 10 and ECT ECU 50 so that a code 
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representing an abnormality content detected through 
abnormality diagnosis is transmitted as a message will be 
described with reference to the flowchart of Figs. 3 to 6B. 

Fig. 3 is a flowchart showing the processing executed by 
the transmission mediating unit 31 in ENG ECU 10 . This flowchart 
is repetitively executed every predetermined interval (for 
example, 1ms ) . 

First, it is judged in step SI 0 0 whether the communication 
frame which was previously transmitted from the abnormality 
diagnostic device 90 through the common bus 8 0 is an ENG frame 
from the ENG buffer 32. Specifically, in steps S160 and S210 
described later, " previous ENG frame transmitted" is stored in 
the memory when an ENG frame is transmitted from the ENG buffer 
32 or "previous ECT frame transmitted" is stored in the memory 
when an ECT frame is transmitted from the ECT buffer 33. In 
step S100, it is judged on the basis of the storage state whether 
the ENG frame was previously transmitted. Since "previous ENG 
frame transmitted" is not stored immediately after the proces s ing 
of this routine is started, "No" is judged in step S100. 

If it is judged instep SI 00 that the ENG frame was previously 
transmitted, the processing goes to step S110. In step S110, 
since the ENG frame was previously transmitted, in order to 
transmit an ECT frame f rom the ECT buff er 33 , it is checked whether 
a request for transmitting the ECT frame is made from the gateway 
processor 25. The processing in the gateway processor 25 will 
be described later. 

If it is judged that an ECT-frame transmitting request 
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is made from the gateway processor 25 , ECT frames to be transmitted 
to the ECT buffer 33 of the transmission mediating unit 31 are 
transmitted from the transmission buffer 2 6 of the gateway 
processor 25 at S200 and stored in the ECT buffer 33 . Therefore, 
by executing the step S200 and the subsequent steps, the 
transmission processing of the ECT frames stored in the ECT buffer 
33 is executed. 

On the other hand, if it is judged in step SI 10 that no 
ECT-f rame transmitting request is made, the processing goes to 
step S120. In step S120, it is checked whether an ENG-frame 
transmitting request is made from the ENG transceiver unit 20. 
If it is judged that the transmission of all the ENG frames has 
not yet been completed, the ENG-frame transmitting request is 
output from the ENG transceiver unit 20. In this case, by 
executing the processing of the step S150 and the subsequent 
steps, the transmission of the ENG frames is continued. If the 
transmission of all the ENG frames is completed, there is no 
ENG-frame transmitting request from the ENG transceiver unit 
20. In this case, the judgment in step S120 is "No", and the 
processing of this flowchart is finished. The processing of 
the ENG transceiver unit 20 will be described later. 

If it is judged in step S100 that no ENG frame was previously 
transmitted, in order to transmit ENG frames at present, it is 
judged in step S130 whether an ENG-frame transmitting request 
is made from the ENG transceiver unit 20. If it is judged in 
step S130 that there is an ENG-frame transmitting request, the 
processing of the step S150 and the subsequent steps is executed 
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to transmit the ENG frames in the same manner as described above. 

On the other hand, if it is judged in step S130 that there 
is no ENG-frame transmitting request, it is checked in step S14 0 
whether there is any ECT-frame transmitting request. At this 
time, if there is any ECT-frame transmitting request, the 
processing of the step S200 and the subsequent steps is carried 
out in the same manner as described above to transmit ECT frames . 
If the judgment in step S140 is "No", neither ENG-frame 
transmitting request nor ECT-frame transmitting request exists , 
and thus the processing of this flowchart is finished. 

As described above, according to the flowchart shown in 
Fig. 3, when ENG frames and ECT frames are required to be 
transmitted around the same time, the transmission mediating 
unit 31 carries out the processing of alternately transmitting 
the ENG frames and the ECT frames . Accordingly , the transmission 
of both types of frames can be started with no time delay in 
response to the message creating request from the abnormality 
diagnostic device 90. 

Next, the transmission processing of the ENG frames at 
the step S150 and the subsequent steps will be described. 

First, in step S150, the transmission of the ENG frame 
stored in the ENG buffer 32 is started. In subsequent step S160 , 
"previously ENG frame transmitted" is stored for use of the 
judgment in step S100 described above. InstepS170, it is judged 
whether the transmission of the ENG frame is completed or not, 
and the processing waits until the transmission of the ENG frame 
is completed. 



19 



When the transmission of the ENG frame is completed, the 
judgment in step S170 is "YES", and the processing goes to step 
S180. IN step S180, the ENG-frame transmitting request output 
from the ENG transceiver unit 20 is cleared. In step S190, the 
ENG transceiver unit 20 is requested to execute the processing 
(A) of the ENG transceiver unit 20 shown in Fig. 5A. 

Here, the processing (A) of the ENG transceiver unit 20 
shown in Fig. 5A will be described. 

Through the processing from the step S 150 to the step SI 80 , 
the transmission of the ENG frame stored in the ENG buffer 32 
of the transmission mediating unit 31 is set to be completed. 
Therefore, in the processing (A) of the ENG transceiver unit 
20, it is judged whether there is any ENG frame to be further 
transmitted. If there is some ENG frame to be transmitted, an 
ENG-frame transmitting request is issued, and also the ENG frame 
to be transmitted is transmitted from the transmission buffer 
21 of the ENG transceiver unit 20 to the ENG buffer 32 of the 
transmission mediating unit 31. 

That is, in the step S500 of Fig. 5A, it is judged whether 
any ENG frame exits in the transmission buffer 21 of the ENG 
transceiver unit 20 . If any ENG frame exists in the transmission 
buffer 21, an ENG-frame transmitting request is issued to the 
transmission mediating unit 31 in step S510 because it is 
necessary to transmit the ENG frame concerned. In step S520, 
it is judged whether this transmitting request is received at 
the transmission mediating unit 31. If it is received, one ENG 
frame to be transmitted from the transmission buffer 21 is 
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transmitted to the ENG buffer 32 of the transmission mediating 
unit 31 at S530. Accordingly, a new ENG frame transmitting 
request occurs, and thus the processing returns to the step S100 
after the step S190 of Fig. 3 is executed, thereby repetitively 
executing the processing described above. On the other hand, 
if it is judged in step S520 that a notification indicating 
invalidity of the transmitting request is received from the 
transmission mediating unit 31, the processing is finished with 
no action. 

Returning to Fig. 3, the transmission processing of the 
ECT frame at the step S2 00 and the subsequent steps is carried 
out substantially in the same manner as the transmission 
processing of the ENG frame. That is, the transmission of the 
ECT frame is started in step S200. In the subsequent step S210, 
"previous ECT frame transmitted" is stored. In step S220, it 
is judged whether the transmission of the ECT frame is completed, 
and the processing waits until the transmission is completed. 
In step S230, the ECT-frame transmitting request output from 
the ECT gateway processor 25 is cleared. In step S240, the ECT 
gateway processor 25 is requested to execute the processing (A) 
of the ECT gateway processor 25 shown in Fig. 6A. 

The processing (A) of the ECT gateway processor shown in 
Fig. 6A is substantially the same as the processing of the ENG 
transceiver unit 20 shown in Fig. 5A. That is, in step S700, 
it is judged whether there is any ECT frame in the transmission 
buffer 26 of the ECT gateway processor 25. If it is judged that 
an ECT frame exists in the transmission buffer 26 , it is necessary 
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to transmit this ECT frame, and thus an ECT-frame transmitting 
request is issued to the transmission mediating unit 31 in step 
S710. In step S720, it is judged whether this transmitting 
request is received at the transmission mediating unit 31. If 
the transmitting request is received, one ECT frame to be 
transmitted from the transmission buffer 26 is transmitted to 
the ECT buffer 33 of the transmission mediating unit 31. On 
the other hand, if it is judged in step S720 that a notification 
indicating invalidity of the transmitting request is received 
from the transmission mediating unit 31, the processing is 
finished with no action. 

The ENG transceiver unit 20 carries out not only the 
processing (A) described above, but also the processing (B) of 
dividing a diag-code to be transmitted into plural communication 
frames when the diag-code to be transmitted is received from 
the diagnostic unit 15, and accumulating the communication frames 
thus divided into the transmission buffer 21. The processing 
(B) of the ENG transceiver unit 20 is shown in the flowchart 
of Fig. 5B. 

First, in step S600, the communication frames are created 
in conformity with the frame type corresponding to the diag-data 
length of the diag-code received from the diagnostic unit 15. 
That is, when the diag-data length is less than 8 bytes, the 
communication frame is created by a single frame SF, and when 
the diag-data length is not less than 8 bytes, the communication 
frames are constructed by a first frame FF and consecutive frames 
CF. In step S610, the communication frames thus created are 
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successively stored in the transmission buffer 21 • In step S62 0, 
a request for executing the processing of the ENG transceiver 
unit 2 0 shown in Fig. 5A is made to issue an ENG-frame transmitting 
request to the transmission mediating unit 31 because an ENG 
frame is accumulated in the transmission buffer 21. 

The ECT gateway processor 25 also carries out not only 
the processing (A) described above, but also the processing (B) 
of accumulating a transmission frame to be transmitted into the 
transmission buffer 2 6 when the communication frame to be 
transmitted is received from the ECT transceiver unit 60. The 
processing (B) of the ECT gateway processor 25 is shown in Fig. 
6B. 

First, in step S800, the communication frames received 
from the ECT transceiver unit 60 are successively stored into 
the transmission buffer 2 6 in the receiving order thereof. In 
step S810, a request for executing the processing (A) of the 
ECT gateway processor shown in Fig . 6A is made to issue an ECT-f rame 
transmitting request to the transmission mediating unit 31 
because the ECT frame is accumulated in the transmission buffer 
26. 

Here, the transmission mediating unit 31 executes the 
processing shown in Fig. 4A or 4B when the frame transmitting 
request is made through the processing (A) of the ENG transceiver 
unit 20 or the ECT gateway processor 25. 

Fig. 4 A shows the processing when the ENG frame 
transmitting request is issued. First, it is judged in step 
S3 00 whether the ENG-frame transmitting request is under storage 
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or not. That is r it is judged whether a non-transmitted ENG 
frame is stored in the ENG buffer 32 of the transmission mediating 
unit 31 and thus the ENG-frame transmitting request is not to 
be cleared. In this case, when the ENG-frame transmitting 
request is under storage, it is impossible to transmit any new 
ENG frame to the ENG buffer 32. Therefore, in step S320, a 
transmitting request invalidating notification is sent to the 
ENG transceiver unit 20. 

On the other hand, if the ENG frame has been already 
transmitted from the ENG buffer 32 of the transmission mediating 
unit 31 and thus the ENG buffer 32 is allowed to accept a new 
ENG frame, "No" is judged in step S300. In this case, in step 
S3 10, the ENG frame is transmitted from the transmission buffer 
21 of the ENG transceiver unit 20 to the ENG buffer 32 of the 
transmission mediating unit 31, and the ENG-frame transmitting 
request is stored into the memory. 

Fig. 4B shows the processing when the ECT-frame 
transmitting request is issued. This processing is 
substantially similar to the processing when the ENG-frame 
transmitting request described above is issued. That is, in 
step S4 00, it is judged whether the ECT-frame transmitting 
request is under storage. At this time, when it is judged that 
the ECT-frame transmitting request is under storage, 
transmiss ion of any newECT frame to the ECT buffer 3 3 is prohibited . 
Therefore, in step S420, a transmitting request invalidating 
notification is sent to the ECT gateway processor 25. On the 
other hand, if it is judged in step S400 that the ECT-frame 
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transmitting request is not under storage, in step S410, the 
ECT frame is transmitted from the transmission buffer 26 of the 
ECT gateway processor 25 to the ECT buffer 33 of the transmission 
mediating unit 31, and the ECT-frame transmitting request is 
stored into the memory. 

When the ECT transceiver unit 60 in ECT ECU 50 receives 
a message creating request from the abnormality diagnostic device 
90, it gives it to the diagnostic unit 55 and then receives a 
diag-code to be transmitted from the diagnostic unit 55. The 
communication frame corresponding to the diag-code is created, 
and accumulated in the transmission buffer 61. Furthermore, 
the communication frames thus accumulated in the transmission 
buffer 61 are successively transmitted through the dedicated 
bus 70 to the transmission buffer 26 of the ECT gateway processor 
25. The ECT transceiver unit 60 executes only the processing 
described above, and thus the flowchart concerning this 
processing is omitted. 

According to the processing shown by the flowcharts of 
Figs. 3 to 6B, when there occurs such a case that ENG frames 
and ECT frames are required to be transmitted around the same 
time, the transmission mediating unit 31 alternately transmits 
the ENG frames and the ECT frames. Fig. 7 shows a time chart 
when the ENG frames and the ECT frames are alternately 
transmitted. 

In the example shown in Fig. 7, the first frame FF (ENG) 
of ENG frames is first transmitted to the abnormality diagnostic 
device 90 in response to a message creating request from the 
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abnormality diagnostic device 90, and then the first frame FF 
(ECT) of ECT frames is transmitted. When each communication 
frame is transmitted from a transmission source to a transmission 
destination, the transmission destination returns an 
acknowledge (ACK) signal to the transmission source. 

As shown in Fig. 7 , when the abnormality diagnostic device 
receives the first frame FF (ENG) of the ENG frames, it returns 
a front control frame FC ( ENG ) . After receiving the front control 
frame FC (ENG), the transmission mediating unit 31 transmits 
the first frame FF (ECT) of the ECT frames to the abnormality 
diagnostic device 90. At this time, the abnormality diagnostic 
device 90 returns the flow control fame FC (ECT) in response 
to the first frame FF of the ECT frames. 

After receiving the flow control frames FC (ENG) and FC 
(ECT) , the transmission mediating unit 31 alternately transmits 
each of the consecutive frames CF (ENG) of the ENG frames and 
each of the consecutive frames CF (ECT) of the ECT frames. 

Through the processing of the transmission mediating unit 
31 as described above, the transmission of both types of 
communication frames can be started at the earliest timing. 

The description of the invention is merely exemplary in 
nature and, thus, variations that do not depart from the gist 
of the invention are intended to be within the scope of the 
invention . Such variations are not to be regarded as a departure 
from the spirit and scope of the invention. 
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